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PROPERTIES  OF  PIEZOELECTRIC  MATERIALS 


The  purpose  of  this  monograph  is  to  provide  a  source  of  data 
on  a  wide  variety  of  piezoelectric  materials  which  will  be  useful  to 
those  conducting  research  in  this  area  as  well  as  to  the  engineer  de¬ 
signing  ultrasonic  transducers,  filters,  and  other  piezoelectric  devices. 

The  references  are  keyed  to  the  data  by  the  number  heading  each 
column  of  data.  In  some  cases,  the  reference  reports  additional  data 
not  included  in  this  monograph.  The  reader  is  therefore  urged  to  con¬ 
sult  the  references  before  embarking  upon  a  research  prog  ram. 

The  numerical  data  are  given  in  the  rationalized  MKS  system  in 
accordance  with  the  IRE  Standards  on  Piezoelectricity,  as  are  the  sym¬ 
bols  employed.  Table  I  defines  the  symbols  employed  and  gives  their 
MKS  unit.  Since  a  large  amount  of  literature  still  uses  the  CGS  system. 
Table  II  presents  the  factors  to  convert  CGS  units  to  MKS  units.  On  the 
data  pages,  the  digits  in  the  data  columns  are  to  be  multiplied  by  the 
power  of  ten  in  the  column  immediately  to  the  right  of  the  symbol  to  ob¬ 
tain  the  value  in  the  MKS  system. 

The  compounds  are  arranged  alphabetically  by  chemical  name. 

The  pure  compounds  are  followed  by  the  binary  alloys,  followed  by 
ternary  compounds,  etc.  The  multiple  component  compounds  are  ar¬ 
ranged  alphabetically  by  main  constituent,  secondary  constituent,  etc.  , 
and  by  decreasing  amount  of  main  constituent. 
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REFERENCE  TEXTS 


The  following  books  and  articles  will  provide  a  foundation  of  the 
theory  of  piezoelectricity  and  ilt,  many  applications: 

"A  Textbook  on  Crystal  Physics”,  W.  A.  Wooster,  Cambridge  Univer¬ 
sity  Press,  1938. 

"Der  Ultraschall” ,  Bergmann,  S.  Hirzel  Verlag,  Stuttgart,  1954  (in 
Ge  rman) . 

”  IRE  Standards  on  Piezoelectric  Crystals”,  Proceedings,  IRE,  v.  45, 

1957.  p.  353-358. 

"IRE  Standards  on  Piezoelectric  Crystals”,  Proceedings,  IRE,  v.  46, 

1958,  p.  764-778. 

"IRE  Standards  on  Piezoelectric  Crystals”,  Proceedings,  IRE,  v,  49. 
1961,  p.  1161-1  69. 

"Radio  Engineers  Standards  on  Piezoelectric  Crystals”,  Proceedings, 
IRE,  V.  37.  1949.  p.  1378-  1  395. 

"Piezoelectricity”.  Cady,  McGraw-Hill,  New  York,  1946, 

”  Piez'  electric  Crystals  and  Their  Applications  to  Ultrasonics”,  Mason, 
D.  van  Nostrand,  New  York.  1950, 

"Ultrasonics”  Second  edition,  Carlin.  McGraw-Hill,  New  York,  1960. 
"Ultrasonic  Physics”,  Richardson,  Elsevier,  New  York,  195Z. 
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TABLE  I 

Dafinition  of  Symbols 


Symbol 

Quantity 

MKS  Units* 

c 

Elastic  Stiffness 

N/  m^ 

d 

Piezoelectric  Strain  Constant  (Coefficient) 

C/N  or  m/V 

D 

Electric  Displacement 

C/  m^ 

e 

Piezoelectric  Stress  Constant  (Moduli) 

C/ m^ 

E 

Electric  Field  Strength 

V/  m 

g 

Piezoelectric  Strain  Constant 

m^  /  C 

h 

Piezoelectric  Stress  Constant 

N/  C  or  V/m 

k 

Coupling  Coefficient 

K 

Dielectric  Constant 

N/  Cor  V/M 

P 

Dielectric  Polarization 

C/  m^ 

Q 

Mechanical  Q 

2 

8 

Elastic  Compliance  (E  =  constant) 

m  /N 

S 

Strain 

T 

Stress  (Tensile  Positive) 

n/m^ 

u 

Elastic  Displacement 

m 

Y 

Young's  Modulus 

N  /  m^ 

/3'^ 

Dielectric  Impermeability  (T  =  constant) 

m  /  F 

T 

e 

Permittivity  (T  -  constant) 

F/  m 

S 

n 

Dielectric  Susceptibility  (S  -  constant) 

0 

Absolute  Temperature 

°K 

p 

Dens  ity 

kg/m^ 

Reciprocal  Susceptibility  (T  =  constant) 

*  N  -  newton,  m  *  meter,  V  =  volt,  C  coulomb,  F  -  farad, 
K  degrees  kelvin,  kg  -  kilogram 

**  Superscript  denotes  quantity  which  is  held  constant. 
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TABLE  II 

Conversion  Factors  iton  CCS  to  Rotionolixod  MKS  Units 


Symbol 

Factor 

c.T.  Y 

d 

10-‘ 

y  X  10"^ 

N/m^  per  dyne/cm^ 

C^N  per  statcoulomb  '  dyne 

D 

e.  P 

1 

2  2 

C'm  per  statcoulomb  ^  cm 

2  2 

C/m  per  statcoulomb/ cm 

IZjr  X  10^ 

y  X  1 0 

E 

X 

O 

V/m  per  statvolt/cm 

g 

3  X  10^ 

m^/C  per  dyne  /  statcoulomb 

h 

4 

3  X  10 

N/C  per  dyne/ statcoulomb 

s 

10 

2  2 
m  /N  per  cm  /dyne 

1 

F/m  per  statfarad/cm 

€ 

367r  X  lo'^ 

r) 

4  TT 

(nume  ric) 

P 

10^ 

kg/m^  pergram/cm^ 
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MATERIAL  :  Barium  Titanate  (Pure) 
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MATERIAL:  Barium  Titanate  (Pure)  Con't 
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MATERIAL  ;  Cadmium  Sulphide  (Annealed  in  Sulphur  Vapor) 
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MATERIAL:  Ceramic  A  -  (Brush  Electronics) 
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MATERIAL:  Ceramic  B  (Brush  Electronics)  (A  Barium  -  Calcium 

Titanate) 
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MATERIAL .  Lead  Niobate 
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MATERIAL:  Triglycine  Sulphate  (Pure) 
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MATERIAL:  Barium  Titanate  (97%)  Calcium  Titanate  (3%) 
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MATERIAL:  Barium  Titanate  (95%)  Calcium  Titanate  (5%) 
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MATERIAL:  Barium  Titanate  (96%)  Lead  Titanate  (4%) 
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MATERIAL:  Barium  Titanate  (95%)  Lead  Titanate  (5%) 
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MATERIAL:  Barium  Titanate  (90%)  Lead  Titanate  (10%) 
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MATERIAL:  Lead  Niobate  (80%)  Barium  Niobate  (20%) 
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MATERIAL;  Lead  Niobate  (60%)  Barium  Niobate  (40%) 
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MATERIAL;  Lead  Niobate  (90%)  Barium  Titanate  (10%) 
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MATERIAL:  Lead  Niobate  (70%)  Cadmium  Niobate  (30%o) 
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MATERIAL:  Lead  Niobate  (60%)  Strontium  Niobate  (40%) 
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MATERIAL:  l  ead  Niobate  (5S%)  Strontium  Niobate  (4b%) 
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MATERIAL:  Lead  Titanate  (SZ%)  Lead  Zirconate  (48‘^(;) 
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MAT?]RIAL  :  l  ead  Titanate  (S0%)  I  earl  Zirconate  (S0%) 
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MATERIAL:  Lead  Zirconate  (bO'^o)  Lead  Titanate  (40%) 


-52- 


-53- 


-5S- 


-56- 


MATERIAL:  Lead  Zirconate  (52%)  Lead  Titanate  (48%) 
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MATERIAL:  LZ-4A  (Lead  Zirconate  -  Lead  Titanate) 

(Brush  Electronics) 
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